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1. Crystallographic Studies 
	
Table S1. Crystallographic Data and Refinement Details for Salts [2][PF6]2·MeCN and 
[6][TfO]2 
 [2][PF6]2·MeCN [6][TfO]2 
empirical formula C35H31F12N3OP2 C39H34F6N2O7S2 
fw 799.57 820.80 
cryst system orthorhombic triclinic 
space group  Pbca 
€ 
P1 
a/Å 13.7030(10) 8.1458(13) 
b/Å 22.2261(15) 14.503(3) 
c/Å 23.0660(16) 15.696(3) 
α/deg 90 89.660(5) 
β/deg 90 89.057(6) 
γ/deg 90 76.492(6) 
U/Å3 7025.1(9) 1802.8(5) 
Z 8 2 
T/K 150(2) 150(2) 
µ/mm–1 0.222 0.234 
cryst size/mm 0.60 × 0.46 × 0.21 0.30 × 0.24 × 0.12 
cryst description red plate yellow plate 
reflns collected 35176 13233 
independent reflns (Rint) 6877 (0.056) 6369 (0.072) 
θmax/deg (completeness) 26.00 (99.7) 25.02 (99.9) 
reflns with I > 2σ(I) 4967 4063 
GOF on F2 1.029 1.033 
final R1, wR2 [I > 2σ(I)] 0.062, 0.155 0.073, 0.180 
 (all data) 0.089, 0.175 0.110, 0.206 
peak and hole/eÅ–3 0.57, –0.50 0.51, –0.36 
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2. NMR Spectra 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S1. 1H (top) and 13C (bottom) NMR spectra of salt [1][TfO]2 (600/151 MHz, CD3CN). 
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Figure S2. 1H (top) and 13C (bottom) NMR spectra of salt [2][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S3. 1H (top) and 13C (bottom) NMR spectra of salt [3][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S4. 1H (top) and 13C (bottom) NMR spectra of salt [4][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S5. 1H (top) and 13C (bottom) NMR spectra of salt [5][TfO]2 (600/151 MHz, CD3CN). 
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Figure S6. 1H (top) and 13C (bottom) NMR spectra of salt [6][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S7. 1H (top) and 13C (bottom) NMR spectra of salt [7][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S8. 1H (top) and 13C (bottom) NMR spectra of salt [8][TfO]2 (600/151 MHz, CD3CN). 
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Figure S9. 1H (top) and 13C (bottom) NMR spectra of salt [9][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S10. 1H (top) and 13C (bottom) NMR spectra of salt [10][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S11. 1H (top) and 13C (bottom) NMR spectra of salt [11][TfO]2 (600/151 MHz, 
CD3CN). 
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Figure S12. 1H (top) and 13C (bottom) NMR spectra of salt [12][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S13. 1H (top) and 13C (bottom) NMR spectra of salt [13][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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Figure S14. 1H (top) and 13C (bottom) NMR spectra of salt [14][TfO]2 (600/151 MHz, 
(CD3)2CO). 
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3. Theoretical Studies 
	
Table S2. Selected CAM-B3LYP/6-311(G)d-Calculated Data for the Helquats 10, 13, 
and 15–18, a and Data from UV–Vis Absorption Spectroscopic Measurements on their 
Bis-Triflate Salts in MeCN 
helquat λexp,b nm 
(ε, 103 M–1 cm–1) 
λmaxc 
(nm) 
λcalc 
(nm) 
Ecalc 
(eV) 
fos major contributions (weight)d 
10 522 (29.3) 468 468 2.65 1.43 H → L (70%), H → L+1 (22%) 
 390 (21.3) 347 371 3.35 0.24 H → L (22%), H → L+1 (70%) 
 306 (16.6) 268 342 3.62 0.34 H–1 → L (76%), H–1 → L+1 
(16%) 
 250 (38.2) 220 317 3.91 0.13 H–2 → L (84%) 
   276 4.49 0.16 H–5 → L (10%), H–2 → L+1 
(16%), H–1 → L+1 (30%), H–1 
→ L+2 (11%) 
   234 5.30 0.21 H–6 → L (10%), H–3 → L+1 
(36%) 
   227 5.45 0.23 H–6 → L (25%), H–2 → L+4 
(10%), H–1 → L+3 (16%), H → 
L+4 (10%) 
   218 5.68 0.30 H–7 → L (27%), H–1 → L+3 
(40%) 
   216 5.73 0.25 H–7 → L (32%), H–5 → L+2 
(13%), H–1 → L+4 (12%) 
   203 6.11 0.14 H–2 → L+4 (26%) 
       
13 541 (28.5) 526 526 2.36 2.06 H → L (77%), H → L+1 (15%) 
 375 (21.2) 338 393 3.16 0.18 H → L (15%), H → L+1 (76%) 
 323 (18.2) 278 342 3.62 0.34 H–2 → L (57%), H–2 → L+1 
(30%) 
 310 (17.9) 221 278 4.46 0.16 H–3 → L+1 (16%), H–2 → L+1 
(17%) 
 246 (39.6)  233 5.32 0.17 H–5 → L (14%), H–5 → L+1 
(15%), H–3 → L+2 (23%), H → 
L+5 (13%) 
   231 5.38 0.22 H–6 → L (16%), H → L+5 
(38%) 
   228 5.45 0.14 H–6 → L (17%), H–3 → L+2 
(10%), H–2 → L+3 (12%) 
   219 5.66 0.34 H–8 → L (28%), H–2 → L+3 
(31%) 
   217 5.71 0.10 H–8 → L (12%), H–5 → L+2 
(17%), H–1 → L+2 (18%) 
   214 5.79 0.20 H–7 → L (21%), H–1 → L+2 
(22%) 
   203 6.11 0.19 H–3 → L+3 (11%), H–3 → L+4 
(13%), H–3 → L+5 (16%) 
       
15e 520 (33.2) 475 472 2.63 1.48 H → L (81%), H → L+1 (12%) 
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 337 (21.4) 308 352 3.52 0.25 H → L (12%), H → L+1 (76%) 
 300 (17.6)  307 4.04 0.21 H–3 → L (24%), H–1 → L 
(28%), H → L+2 (16%) 
 236 (19.6)  302 4.11 0.20 H–3 → L (15%), H–2 → L 
(50%) 
   300 4.13 0.16 H–2 → L (23%), H → L+2 
(48%) 
   255 4.86 0.13 H–3 → L+1 (10%), H–1 → L+1 
(12%), H → L+3 (33%), H → 
L+4 (11%) 
   226 5.49 0.11 H–2 → L+2 (31%), H–1 → L+1 
(38%) 
   217 5.71 0.10 H → L+5 (35%), H → L+7 
(10%) 
   209 5.93 0.10 H–7 → L (48%) 
       
16 539 (34.9) 532 532 2.33 2.11 H → L (85%) 
 333 (25.3) 376 376 3.30 0.20 H → L+1 (80%) 
 266 (13.4) 304 306 4.05 0.28 H–3 → L (20%), H–3 → L+1 
(16%), H–2 → L (13%), H–1 → 
L (20%), H → L+2 (20%) 
 232 (24.8) 254 302 4.11 0.19 H–3 → L (22%), H–2 → L 
(47%), H–2 → L+1 (11%) 
   259 4.78 0.13 H–3 → L+1 (11%), H–3 → L+2 
(11%), H–2 → L+1 (26%), H → 
L+3 (12%), H → L+4 (13%) 
   225 5.51 0.15 H–3 → L+2 (16%), H–2 → L+2 
(47%) 
   214 5.79 0.12 H–5 → L (11%), H–3 → L+3 
(18%) 
   209 5.94 0.10 H–7 → L (31%), H–7 → L+1 
(14%) 
       
17e 496 (31.7) 449 449 2.76 1.57 H → L (43%), H → L+1 (48%) 
 391 (23.2) 339 368 3.37 0.14 H–1 → L (10%), H → L (37%), 
H → L+1 (38%) 
 248 (37.2) 228 338 3.67 0.30 H–2 → L (28%), H–1 → L 
(54%) 
   253 4.90 0.12 H–3 → L+1 (12%), H–2 → L+2 
(20%), H–1 → L+2 (23%) 
   237 5.23 0.10 H–5 → L (20%), H–3 → L 
(21%), H–2 → L+2 (12%) 
   233 5.33 0.17 H–5 → L+1 (17%), H–3 → L+2 
(16%), H–2 → L+2 (17%), H–1 
→ L+4 (10%) 
   231 5.37 0.17 H–5 → L (10%), H–5 → L+2 
(12%), H–3 → L+1 (49%) 
   225 5.51 0.49 H–6 → L (25%), H–5 → L+1 
(14%), H–1 → L+3 (19%) 
   222 5.59 0.18 H–1 → L+3 (18%), H → L+4 
(30%), H → L+5 (12%) 
   208 5.96 0.15 H–2 → L+4 (10%), H–1 → L+4 
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(23%) 
   204 6.08 0.18 H–9 → L (10%), H–8 → L 
(32%), H–8 → L+1 (12%) 
   202 6.13 0.13 H–2 → L+4 (27%) 
       
18 516 (29.5) 510 509 2.44 2.23 H → L (59%), H → L+1 (33%) 
 390 (17.4) 389 338 3.66 0.26 H–2 → L (55%), H–2 → L+1 
(26%) 
 378 (17.3) 336 247 5.02 0.18 H–4 → L (24%), H–4 → L+1 
(22%), H → L+7 (32%) 
 286 (14.4) 227 246 5.03 0.14 H–3 → L (12%), H–3 → L+1 
(21%), H–3 → L+2 (22%), H–1 
→ L+2 (18%) 
 248 (30.5)  234 5.30 0.17 H–5 → L+2 (18%), H → L+5 
(10%) 
   226 5.48 0.45 H–6 → L (18%), H–2 → L+3 
(14%), H → L+6 (12%) 
   224 5.52 0.15 H–2 → L+3 (15%), H → L+6 
(11%) 
   211 5.89 0.12 H–8 → L (21%) 
   206 6.01 0.13 H–8 → L (22%), H–5 → L+3 
(13%), H–2 → L+5 (17%) 
   204 6.09 0.13 H–3 → L+5 (14%), H–1 → L+4 
(12%) 
   201 6.16 0.12 H–6 → L+1 (10%), H–1 → L+4 
(13%), H–1 → L+5 (12%) 
a Only transitions with fos ≥ 0.10 are included. b λmax value for band in visible region, 
measured with bis-triflate salts. c Obtained from the simulated absorption spectrum. d H = 
HOMO, L = LUMO. e Data taken in part from Coe, B. J.; Rusanova, D.; Joshi, V. D.; 
Sánchez, S.; Vávra, J.; Khobragade, D.; Severa, L.; Císařová, I.; Šaman, D.; Pohl, R.; Clays, 
K.; Depotter, G.; Brunschwig, B. S.; Teplý, F. J. Org. Chem. 2016, 81, 1912–1920. 
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Figure S15. TD-DFT-calculated (blue) and experimental (green) UV–vis absorption spectra 
of helquat 16 in MeCN, obtained with the 6-311G(d) basis set and the functionals B3LYP (a), 
M06 (b), or CAM-B3LYP (c). The ε-axes refer to the experimental data only (for [16][TfO]2) 
and the vertical axes of the calculated data are scaled to match the main experimental 
absorptions. The oscillator strength axes refer to the individual calculated transitions (red). 
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Table S3. Geometric Parameters for Helquat 17 from X-Ray Crystallography and the 
CAM-B3LYP/6-311(G)d-Optimized Structure	
bond distances (Å) bond angles (°) 
  X-ray DFT   X-ray DFT 
C1–N1 1.44 1.46 C7–C6–C9 119.3 119.0 
C2–N1 1.46 1.46 C6–C9–C10 126.7 128.3 
N1–C3 1.38 1.34 C9–C10–C11 123.7 123.5 
C3–C4 1.41 1.43 C10–C11–N2 120.0 120.2 
C4–C5 1.38 1.36 C11–N2–C16 122.1 120.2 
C5–C6 1.40 1.42 N2–C16–C17 109.7 110.6 
C6–C7 1.39 1.41 C16–C17–C18 109.9 110.8 
C7–C8 1.38 1.37 C17–C18–C23 122.3 122.5 
C8–C3 1.40 1.42 C18–C23–C22 119.6 119.5 
C6–C9 1.46 1.42 C23–C22–C21 120.4 119.4 
C9–C10 1.33 1.37 C22–C21–C24 123.3 122.3 
C10–C11 1.46 1.42 C21–C24–C25 110.0 108.4 
C11–C12 1.40 1.41 C24–C25–N3 108.7 108.5 
C12–C13 1.37 1.36 C25–N3–C30 118.4 118.8 
C13–C14 1.38 1.40 N3–C30–C29 120.1 120.8 
C14–C15 1.38 1.37 C30–C29–C28 121.2 119.6 
C15–N2 1.37 1.38 C29–C28–C31 123.2 121.4 
N2–C11 1.37 1.38 C28–C31–C32 121.2 120.2 
N2–C16 1.50 1.48 C31–C32–C33 120.7 120.3 
C16–C17 1.51 1.52 C32–C33–C34 120.8 120.7 
C17–C18 1.51 1.50 C33–C34–C27 119.2 120.5 
C18–C19 1.40 1.39 C34–C27–C26 122.4 122.6 
C15–C19 1.49 1.48 C27–C26–C20 124.2 124.6 
C19–C20 1.40 1.41 C26–C20–C19 123.9 124.2 
C20–C21 1.41 1.40 C20–C19–C15 121.8 122.5 
C21–C22 1.39 1.40 C19–C15–C14 122.5 122.1 
C22–C23 1.38 1.40 C15–C14–C13 119.6 119.7 
C18–C23 1.40 1.40 C14–C13–C12 120.9 120.0 
C21–C24 1.50 1.51 C13–C12–C11 119.7 121.1 
C24–C25 1.49 1.52 C12–C11–C10 122.1 123.1 
C25–N3 1.50 1.48 θ a 56.3 54.7 
N3–C26 1.34 1.34 
 
C20–C26 1.48 1.48 
C26–C27 1.43 1.43 
C27–C28 1.43 1.42 
C28–C29 1.40 1.42 
   
   
   
a The dihedral angle between the two extreme (blue-colored) rings of the helquat fragment. 
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Figure S16. CAM-B3LYP/6-311(G)d-derived contour surface diagrams of selected MOs for 
helquat 10 (isosurface value 0.03 au). 
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Figure S17. CAM-B3LYP/6-311(G)d-derived contour surface diagrams of selected MOs for 
helquat 13 (isosurface value 0.03 au). 
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Figure S18. CAM-B3LYP/6-311(G)d-derived contour surface diagrams of selected MOs for 
helquat 16 (isosurface value 0.03 au). 
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Figure S19. CAM-B3LYP/6-311(G)d-derived contour surface diagrams of selected MOs for 
helquat 18 (isosurface value 0.03 au). 
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Figure S20. Optimized molecular structures and the axis labeling used in the DFT calculations for the helquats 10, 13, 16 and 18. 
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Table S4. Static First Hyperpolarizabilities (10–30 esu) Calculated at the CAM-B3LYP/6-311G(d) Level for Helquats 10, 13 and 15–18 
helquat βxxx βxxy βxyy βyyy βxxz βxyz βyyz βxzz βyzz βzzz βx βy βz βtot 
10a –235.0 –40.3 –2.6 3.4 47.0 4.3 2.7 –3.7 1.7 –0.7 –241.2 –35.2 48.9 249 
10b –568.1 –146.6 –14.7 4.8 120.6 18.5 6.5 –8.0 2.6 –3.2 –590.8 –139.3 123.9 620 
13a –427.3 –61.0 –6.6 4.1 66.6 4.2 3.1 –3.6 1.7 –0.9 –437.4 –55.1 68.7 446 
13b –1310.8 –269.3 –27.2 4.8 195.7 22.9 7.1 –8.6 2.5 –3.5 –1346.6 –262.0 199.4 1386 
15a,c 235.6 –45.7 9.7 3.9 29.6 –1.5 2.2 1.3 1.8 1.2 246.6 –39.9 32.9 252 
15b,c 582.9 –180.4 32.5 2.4 72.3 –11.3 4.1 0.6 2.8 2.1 616.1 –175.2 78.5 645 
16a 401.4 –59.4 14.8 4.9 42.8 –0.2 2.5 1.8 2.0 1.2 417.9 –52.5 46.6 424 
16b 1360.9 –292.7 46.2 6.3 128.4 –10.8 5.9 1.7 3.9 3.2 1408.7 –282.5 137.5 1443 
17a,c –206.6 –11.8 –1.7 –9.3 29.4 –1.6 –0.3 –3.1 0.5 0.0 –211.4 –20.7 29.2 214 
17b,c –451.3 –21.8 –0.5 –22.7 86.3 –3.4 0.6 –9.8 1.5 0.6 –461.6 –43.0 87.5 472 
18a 333.7 –24.4 1.9 –9.6 –44.6 –2.2 0.6 5.1 0.5 –0.1 340.7 –33.5 –44.0 345 
18b 1040.3 –41.1 –2.0 –22.9 –163.7 –4.9 0.1 16.4 1.7 –1.1 1054.6 –62.2 –164.7 1069 
a In the gas phase. b In MeCN. c Data taken from Coe, B. J.; Rusanova, D.; Joshi, V. D.; Sánchez, S.; Vávra, J.; Khobragade, D.; Severa, L.; 
Císařová, I.; Šaman, D.; Pohl, R.; Clays, K.; Depotter, G.; Brunschwig, B. S.; Teplý, F. J. Org. Chem. 2016, 81, 1912–1920. 
